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MARKED-HP COPY OF SUBSTITUTE SPECIFICATION 

DIGITAL QP DETECTING APPARATUS, SPECTRUM ANALYZER HAVING THE 
SAME, AND DIGITAL QP DETECTING METHOD 

TECHNICAL FIELD 

The present invention relates to making a detector by using digital circuit 
elements. 

BACKGROUND ART 

Conventionally, a spectrum analyzer includes a QP detecting (quasi-peak 
detecting) unit constituted by an analog circuit The QP detection is a detecting 
method prescribed by the CISPER standard, and is used to measure the EMC. 

The QP detection unit serves as a charge circuit if an output voltage Vo is 
higher than an input voltage Vi, and serves as a discharge circuit if the input voltage Vi 
is higher than the output voltage Vo. 

A patent document 1 (Japanese Laid-Open Patent Publication (Kokai) No, 
H5-136833) H5 136883) discloses a circuit which includes analog circuit elements 
(resistors and capacitors) in a detection circuit, though the circuit does not carry out the 
QP detection. 

However, there is an on-going trend to make a unit which processes an 
intermediate frequency signal in spectrum analyzers by using digital circuit elements. 
Thought it is thus desirable to make the QP detection unit by using the digital circuit 
elements, there poses a problem of how the QP detection unit is constituted by using the 
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digital circuit elements. 

It is an object of the present invention to make the QP detection unit by using 
the digital circuit elements, 

DISCLOSURE OF THE INVENTION 

According to an aspect of the present invention, a digital QP detecting 
apparatus that detects an input signal and outputs a detection signal, includes: a register 
that records an input digital data; a first multiplier that multiplies the digital data 
recorded in the register by a first coefficient, and outputs the product; a second 
multiplier that multiplies the digital data recorded in the register by a second coefficient, 
and outputs the product; an adder that adds the input signal and the output from the first 
multiplier to each other; a level comparing unit that compares the level of the input 
signal and the level of the detection signal with each other; and a first switch that 
switches the digital data fed to the register between an output from the adder and the 
output from the second multiplier based on a comparison result by the level comparing 
unit, wherein the detection signal is generated based on an output from the first switch. 

According to the thus constructed digital QP detecting apparatus, a digital QP 
detecting apparatus that detects an input signal and outputs a detection signal can be 
provided. 

A register records an input digital data. A first multiplier multiplies the digital 
data recorded in the register by a first coefficient, and outputs the product. A second 
multiplier multiplies the digital data recorded in the register by a second coefficient, and 
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outputs the product. An adder adds the input signal and the output from the first 
multiplier to each other A level comparing unit compares the level of the input signal 
and the level of the detection signal with each other. A first switch switches the digital 
data fed to the register between an output from the adder and the output from the second 
multiplier based on a comparison result by the level comparing unit. The detection 
signal is generated based on an output from the first switch. 

The thus constructed digital QP detecting apparatus may includes a third 
multiplier that generates the detection signal by multiplying the output from the first 
switch by a third coefficient. 

According to the thus constructed digital QP detecting apparatus, the third 
coefficient may be obtained by subtracting the first coefficient from L 

According to the thus constructed digital QP detecting apparatus, the first 
switch (i) may select the output from the adder as the digital data fed to the register if 
the level of the input signal is higher than the level of the detection signal; and (ii) may 
select the output from the second multiplier as the digital data fed to the register if the 
level of the input signal is lower than the level of the detection signal. 

The thus constructed digital QP detecting apparatus may includes: a latch that 
records a signal based on the output from the first switch, and updates the recorded 
signal at a predetermined period; and a second switch that switches the reciprocal of the 
predetermined period between the data rate of the input signal and a rate smaller than 
the data rate of the input signal based on the comparison result by the ievel comparing 
unit. 
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According to the thus constructed digital QP detecting apparatus, the second 
switch (i) may set the reciproca! of the predetermined period to the data rate of the input 
signal if the level of the input signal is higher than the level of the detection signal; and 
(ii) may set the reciprocal of the predetermined period to the rate smaller than the data 
rate of the input signal if the level of the input signal is less than the level of the 
detection signal- 
Further, a spectrum analyzer may include the thus constructed digital QP 
detecting apparatus. 

Furthermore, a spectrum analyzer may include: an electric power signal 
converting unit that converts a signal to be measured to an electric power signal; the 
thus constructed digital QP detecting apparatus that detects the electric power signal and 
outputs a detection signal; and an extreme value detecting unit that detects an extreme 
value of the detection signal 

According to another aspect of the present invention, a digital QP detecting 
method of detecting an input signal and outputting a detection signal, includes: a 
recording step of recording an input digital data; a first multiplying step of multiplying 
the digital data recorded in the recording step by a first coefficient, and outputting the 
product; a second multiplying step of multiplying the digital data recorded in the 
recording step by a second coefficient and outputting the product; an adding step of 
adding the input signal and the output from the first multiplying step to each other; a 
level comparing step of comparing the level of the input signal and the level of the 
detection signal with each other; and a switching step of switching the digital data 
recorded in the recording step between an output from the adding step and the output 
from the second multiplying step based on a comparison result by the level comparing 
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step, wherein the detection signal is generated based on an output from the switching 
step. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram showing the configuration of a spectrum analyzer 1 
provided with a QP detector 20 according to an embodiment of the present invention; 

FIG. 2 is a block diagram showing the configuration of the QP detector 20 ; 

FIG 3 is a diagram showing a waveform of an electric power signal Vi and a 
waveform of a detection signal Vo; 

FIG 4 is a diagram partially showing the configuration of the QP detector 20 in 
order to describe an operation of the QP detector 20 from a time point tO to a time point 
tl; 

FIG 5 is a diagram showing a waveform of an electric power signal Vi and a 
waveform of a detection signal Vo in order to describe an operation of the QP detector 
20 from a time point tO to a time point tl ; 

FIG 6 is a diagram partially showing the configuration of the QP detector 20 in 
order to describe the operation of the QP detector 20 after the time point tl; and 

FIG 7 is a diagram showing the waveforms of the electric power signal Vi and 
the detection signal Vo in order to describe the operation of the QP detector 20 after the 
time point tl, 

BEST MODE FOR CARRYING OUT THE INVENTION 

A description will now be given of an embodiment of the present invention 
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with reference to drawings, 

FIG. 1 is a block diagram showing the configuration of a spectrum analyzer 1 
provided with a QP detector 20 according to the embodiment of the present invention. 
The spectrum analyzer 1 includes an electric power signal conversion unit 10, the QP 
detector 20, a peak detector (extreme value detecting means) 30, and a display 40, 

The electric power signal conversion unit 10 converts a signal to be measured 
into an electric power signal, and outputs the electric power signal The electric power 
signal conversion unit 10 includes an attenuator 102, an oscillator 104, a mixer 106, an 
A/D converter 108, an oscillator 130, a 90-degree phase shifter 111, mixers 1121 and 
11 2Q, low-pass filters 1 141 and 11 4Q, and an electric power conversion unit 116. 

The attenuator 102 attenuates the level of the signal to be measured. The 
oscillator 304 outputs a signal having a predetermined local frequency. The mixer 106 
mixes the signal output from the attenuator 102 with the signal having the local 
frequency output from the oscillator 104, and outputs an IF (Intermediate Frequency) 
signal. The A/D converter 108 converts the IF signal, which is an analog signal, into a 
digital signal The oscillator 110 outputs a signal having a predetermined orthogonal 
transform frequency, The 90-degree phase shifter 111 shifts the phase of the signal 
having the orthogonal transform frequency output from the oscillator 3 10 by 90 degrees, 
and outputs a resulting signal The mixer 1121 mixes the output from the A/D 
converter 108 and the signal having the orthogonal transform frequency output from the 
oscillator 110 with each other, and outputs a resulting signal The mixer 112Q mixes 
the output from the A/D converter 108 and the signal output from the 90-degree phase 
shifter 111 with each other, and outputs a resulting signal The mixers 1121 and 112Q 
carry out the orthogonal conversion. A high frequency component of the output from 
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the mixer 1121 is cut by the low-pass filter 1141, a high frequency component of the 
output from the mixer 112Q is cut by the low-pass filter 114Q, and resulting signals are 
fed to the electric power conversion unit 116, The electric power conversion unit 116 
receives the I signal from the low-pass filter 1141 and the Q signal from the Sow-pass 
Filter 1 14Q, calculates I signal 2 + Q signal 2 , thereby obtaining the electric power of the 
signal to be measured. The electric power conversion unit 116 outputs the obtained 
electric power as an electric power signal VL 

The QP detector 20 detects the electric power signal Vi output from the electric 
power conversion unit 10, and outputs a detection signal Vo. FIG 2 is a block diagram 
showing the configuration of the QP detector 20. The QP detector 20 is provided with 
a comparator (level comparing means) 202, a first switch 204, a second switch 206, an 
adder 208, a register 210, a first multiplier 212, a second multiplier 214, a third 
multiplier 2 1 6, a divider 2 1 8, and a latch 220. 

The comparator (level comparing means) 202 compares the level (voltage) of 
the electric power signal Vi and the level (voltage) of the detection signal Vo. A result 
of the comparison is transmitted to the first switch 204 and the second switch 206, 

FIG 3 shows the waveform of the electric power signal Vi and the waveform of 
the detection signal Vo, It is assumed that the waveform of the electric power signal Vi 
is a saw tooth waveform. Namely, the level rises instantaneously from VI to V2 at a 
time point tO, The level then linearly decreases to VI until a time point t2. Then, the 
level remains at VI. 

On this occasion, as for the waveform of the detection signal Vo, the level 
(voltage) of the detection signal Vo linearly increases from the time point tO to a time 
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point tl (tl<t2), and reaches V3. After the time point tl 5 the level (voltage) of the 
detection signal Vo repeats such a behavior as maintaining a constant value for a certain 
time period (N/fs, fs: input data rate [Hz]), then decreasing, and further maintaining a 
constant value for the certain time period. The level thus gradually approaches the 
level VI. 

For the waveforms shown in FIG 3, the electric power signal Vi is larger than 
the detection signal Vo from the time point tO to the time point 1 1 , After the time point 
tl, the electric power signal Vi is less than the detection signal Vo, 

The first switch 204 includes terminals 204a, 204b, and 204c. The terminal 
204a is connected to an output side of the adder 208. The terminal 204b is connected 
to an output side of the second multiplier 214. The terminal 204c is connected to an 
input side of the register 210 and an input side of the third multiplier 216. The first 
switch 204 connects the terminal 204a and the terminal 204c with each other if the 
electric power signal Vi is larger than the detection signal Vo. As a result, digital data 
fed to the register 210 is the output from the adder 208. If the electric power signal Vi 
is less than the detection signal Vo, the first switch 204 connects the terminal 204b and 
the terminal 204c with each other. As a result, the digital data fed to the register 2 1 0 is 
the output from the second multiplier 214. 

The second switch 206 includes terminals 206a, 206b, and 206c. The 
terminal 206a is a terminal which outputs a signal representing the input data rate 
(sampling frequency of the electric power signal Vi). The terminal 206b is connected 
to the divider 218. The terminal 206c is connected to the latch 220. The second 
switch 206 connects the terminal 206a and the terminal 206c with each other if the 
electric power signal Vi is larger than the detection signal Vo. As a result, a clock 
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frequency fed to the latch 220 is the input data rate. The second switch 206 connects 
the terminal 206b and the terminal 206c with each other if the electric power signal Vi is 
less than the detection signal Vo. As a result, the clock frequency fed to the latch 220 
is represented as [Input data rate]/N. It should be noted that N is an integer equal to or 
larger than 2. N is 100, for example. 

The adder 208 adds the electric power signal Vi and the output from the first 
multiplier 212, and outputs the sum. 

The register 210 records the input digital data. 

The first multiplier 212 reads out the digital data recorded in the register 210, 
multiplies the digital data by a first coefficient (gain!), and outputs the product. 

The second multiplier 214 reads out the digital data recorded in the register 210, 
multiplies the digital data by a second coefficient (gain2), and outputs the product. 

The third multiplier 216 multiplies the signal output from the terminal 204c of 
the first switch 204 by a third coefficient, and outputs the product. It should be noted 
that the third coefficient is represented as 1-gainl. The output from the third 
multiplier 216 is recorded in the latch 220, and is further output from the latch 220 as 
the detection signal Vo. 

The divider 218 divides the frequency of the signal of the input data rate by N 
(N is 100, for example), and outputs a resulting signal to the terminal 206b. 

The latch 220 receives and records the signal output from the terminal 204c of 
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the first switch 204 via the third multiplier 216. The latch 220 then updates the 
recorded signal at a predetermined period which is the reciprocal of the fed clock 
frequency. The recorded signal is output as the detection signal Vo. 

The peak detector 30 detects a peak (maximal value) of the detection signal 
output from the QP detector 20. 

The display 40 displays the peak detected by the peak detector 30 as a chart 
and the like. 

A description will now be given of an operation of the embodiment of the 
present invention. 

First, the signal to be measured is fed to the electric power signal conversion 
unit 1 0. After the level of the signal to be measured is attenuated by the attenuator 102, 
the signal to be measured is mixed by the mixer 106 with the signal having the local 
frequency output from the oscillator 104 resulting in the IF signal. The IF signal is 
converted into the digital signal by the A/D converter 108. The output from the A/D 
converter 108 is further mixed with the signal having the orthogonal conversion 
frequency by the mixer 1 121, and the high frequency component of the mixed signal is 
cut by the low-pass filter 1 14L resulting in the I signal. Moreover, the output from the 
A/D converter 108 is mixed with the signal output from the 90-degree phase shifter 3 1 1 
by the mixer 1 12Q, and the high frequency component of the mixed signal is cut by the 
low-pass filter 1 14Q, resulting in the Q signal. The electric power conversion unit 116 
calculates I signal 2 + Q signal 2 , thereby obtaining the electric power of the signal to be 
measured. The electric power conversion unit 116 outputs the obtained electric power 
as the electric power signal Vi. It is assumed that the waveform of the electric power 
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signal Vi is the saw tooth waveform as shown in FIG. 3. 

The QP detector 20 detects the electric power signal Vi output from the electric 
power conversion unit 10, and outputs the detection signal Vo. 

First, a description will be given of an operation of the QP detector 20 from the 
time point tO to the time point tl. FIG 4 partially shows the configuration of the QP 
detector 20 in order to describe the operation of the QP detector 20 from the time point 
tO to the time point tl . FIG. 5 shows the waveforms of the electric power signal Vi and 
the detection signal Vo, and the waveforms from the time point tO to the time point tl 
are represented by solid lines. 

The comparator 202 compares the level (voltage) of the electric power signal 
Vi and the level (voltage) of the detection signal Vo. With reference to FIG 5, the 
electric power signal Vi is at the level (voltage) of V2, and the detection signal Vo is at 
the level (voltage) of VI at the time point tO. Thus, at the time point t0> there holds the 
relationship: [Electric power signal Vi] > [Detection signal Vo]. This result of the 
comparison is transmitted to the first switch 204 and the second switch 206, 

The first switch 204 connects the terminal 204a and the terminal 204c with 
each other. With reference to FIG 4 S the digital data input to the register 210 is then 
read out, and is multiplied by the first coefficient (gainl) by the first multiplier 212. 
The output from the first multiplier 212 is added to the electric power signal Vi by the 
adder 208. The output from the adder 208 is then fed to the register 210, The digital 
data fed to the register 210 is also multiplied by the third coefficient (I -gainl) by the 
third multiplier 216, and is recorded in the latch 220. 
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The second switch 206 connects the terminal 206a and the terminal 206c with 
each other. As a result, the clock frequency fed to the latch 220 is the input data rate. 
The digital data recorded in the latch 220 is output as the detection signal Vo. 

With reference to FIG 5, the data recorded in the latch 220 can be considered 
as an output of a kind of positive feedback circuit (refer to FIG 4) constituted by the 
register 210, the first multiplier 212, and the adder 208, the level linearly increases. 
Namely, an operation as a charge circuit is carried out. On the other hand, since the 
waveform of the electric power signal Vi is the saw tooth waveform, the level linearly 
decreases. Since there holds the relationship: [Electric power signal Vi] > [Detection 
signal Vo] until the time point tl, the above operation continues. 

A description will now be given of the operation of the QP detector 20 after the 
time point tl. FIG 6 partially shows the configuration of the QP detector 20 in order 
to describe the operation of the QP detector 20 after the time point tl. FIG 7 shows 
the waveforms of the electric power signal Vi and the detection signal Vo, and the 
waveforms after the time point tl are represented by solid lines. 

The comparator 202 compares the level (voltage) of the electric power signal 
Vi and the level (voltage) of the detection signal Vo. With reference to FIG 7, the 
electric power signal Vi is at the level (voltage) of V3, and the detection signal Vo is at 
the level (voltage) of V3 at the time point tl. There thus holds the relationship: 
[Electric power signal Vi] < [Detection signal Vo] even slightly after the time point tl. 
This result of the comparison is transmitted to the first switch 204 and the second switch 
206. 

The first switch 204 connects the terminal 204b and the terminal 204c with 
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each other. With reference to FIG 6, the digital data input to the register 210 is then 
read out, and is multiplied by the second coefficient (gain2) by the second multiplier 
214. The output from the second multiplier 214 is fed to the register 210. The digital 
data fed to the register 210 is also multiplied by the third coefficient: (1 -gain I) by the 
third multiplier 216, and is recorded in the latch 220, 

The second switch 206 connects the terminal 206b and the terminal 206c with 
each other. As a result, the clock frequency fed to the latch 220 is represented as 
[Input data rate]/R The digital data recorded in the latch 220 is output as the detection 
signal Vo. 

With reference to FIG. 7, since the data recorded in the latch 220 can be 
considered as an output from a kind of discharge circuit constituted by the register 210 
and the second multiplier 214 (refer to FIG 6), the level gradually degreases. Since 
the data recorded in the latch 220 is updated every period of N/[Input data rate], the data 
repeats such a behavior that the data maintains a certain value for the certain period 
(N/fs s fs: input data rate [Hz]), decreases, and then maintains again a certain value for 
the certain period. The level thus gradually approaches the level VI. On the other 
hand, since the waveform of the electric power signal Vi is the saw tooth waveform, the 
level linearly decreases. Since there holds the relationship: [Electric power signal Vi] 
< [Detection signal Vo] after the time point tl, the above operation continues. 

The clock frequency fed to the latch 220 is set to [Input data rate]/N which is 
smaller than the input data rate in order to reduce the number of bits handled by the 
second multiplier 214 by increasing the change of the second coefficient (gain2) of the 
second multiplier 214 when the input data rate is changed. 
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It is assumed that fs: input data rate [Hz], t 1 : charge time constant [sec],and 
x 2: discharge time constant [sec]. The first coefficient (gain I) and the second 
coefficient (gam2) are then expressed by the following equations, 

gainl=Exp(-l/fs * z 1) 

gain2=Exp(-i/fs><i2) 

The first coefficient (gainl) and the second coefficient (gain2) are thus 
represented by the following table L 



[Table 1] 



fs[Hz] 


r l[msec] 


gainl 


r 2 [msec] 


gain2 


4k 


45 


0.99445 


500 


0.999500125 


180k 


1 


0.99445 


160 


0.999965278 


2.4M 


1 


0.999583 


550 


0.999999242 



As the table 1 clearly shows, the second coefficient (gain2) has consecutive 9 5 s 
down to six decimal places when the data rate fs is 2,4MHz, When the data rate fs is 
2.4MHz s the second multiplier 214 should handle down to at least seven decimal places 
(down to five decimal places to allow a margin). This causes a large bit number 
handled by the second multiplier 214, 

Thus the data rate is decreased on the discharge. For example, there is set the 
relationship: [Data rate on discharge] = [Input data rate]/100. The second coefficient 
(gain2) is then represented by the following table 2. 
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[Table 2] 



fs[Hz] 


fs/I00[Hz] 


t 2[msec] 


gain2 


4k 


40 


500 


0.95122 


180k 


1.8k 


160 


0.99653 


2.4M 


24k 


550 


0.999924 



As the table 2 clearly shows, when the data rate fs is changed from 2.4MHz to 
24kHz, though the second coefficient (gain2) has consecutive 9*s down to four decimal 
places, it has different values after five decimal places. As a result, corresponding to 
the change of the data rate fs from 2,4MHz to 24kHz, the second multiplier 214 should 
handle the number of bits down to five to six decimal places of the second coefficient 
{gain 2). This can reduce the number of bits handled by the second multiplier 214, 

The peak (maximal value) of the detection signal Vo output from the QP 
detector 20 is detected by the peak detector 30. The display 40 displays the peak 
detected by the peak detector 30 as a chart and the like. 

According to the embodiment of the present invention, the level of the electric 
power signal Vi and the level of the detection signal Vo are compared by the comparator 
202. As a result of the comparison, if the level of the electric power signal Vi is higher 
than the level of the detection signal Vo, the first switch 204 connects the terminal 204a 
and the terminal 204c with each other As a result, the register 210, the first multiplier 
212, and the adder 208 constitute a kind of positive feedback circuit As a result, the 
operation as the charge circuit is carried out. Moreover, if the level of the electric 
power signal Vi is lower than the level of the detection signal Vo, the first switch 204 
connects the terminal 204b and the terminal 204c with each other. As a result, the 
register 210 and the second multiplier 214 constitute a kind of discharge circuit. As a 
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result, the operation as the discharge circuit is carried out. 

In this way, since there are provided the function as the charge circuit ([Level 
of electric power signal Vi] > [Level of detection signal Vo]) and the function as the 
discharge circuit ([Level of electric power signal Vi] < [Level of detection signal Vo]) 
based on the relationship in magnitude between the level of the electric power signal Vi 
and the level of the detection signal Vo, the QP detection can be carried out. Moreover, 
since the comparator 202, the adder 208, the register 210, the first multiplier 212, the 
second multiplier 214, and the like are digital circuit elements, the QP detection unit can 
be made by using the digital circuit elements. 

According to the embodiment of the present invention, the level of the electric 
power signal Vi and the level of the detection signal Vo are compared by the comparator 
202. As a result of the comparison, if the electric power signal Vi is larger than the 
detection signal Vo, the second switch 206 connects the terminal 206a and the terminal 
206c with each other. Consequently, the clock frequency fed to the latch 220 is the 
input data rate fs. If the level of the electric power signal Vi is less than the level of 
the detection signal Vo, the second switch 206 connects the terminal 206b and the 
terminal 206c with each other. As a result, the clock frequency fed to the latch 220 is 
represented as [Input data rate fs]/N (N-lOO, for example). Thus, the clock frequency 
fed to the latch 220 is smaller than the input data rate fs when the QP detector 20 
provides the function of the discharge circuit. 

As a result, it is possible to increase the change of the second coefficient 
(gain2) of the second multiplier 214 when the input data rate fs is changed. This can 
reduce the number of bits handled by the second multiplier 214. 
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